Introduction
Alkylidenemalononitriles are important class of compounds in organic chemistry. They are derived from acetophenone derivatives via Knoevenagel condensation [1] [2] [3] and frequently used in the preparation of many medicinally important heterocyclic compounds. Pyridine ring containing compounds are also important class of the heterocyclic compounds, which are frequently used in the many fields including medicinal chemistry, agro chemicals etc. [4] . Pyridine ring is the basic unit in many known natural products and medicinally important compounds [5] . For example, nifedipine 1 and its different derivatives 4 contains pyridine core ring in their structure ( Figure 1 ). These compounds show significant biological potential against cardiovascular diseases (calcium antagonist) [5, 6] . Many research groups are involved in the synthesis of useful pyridine derivatives possessing significant biological potential. Our group is also interested in the synthesis of potentially useful pyridine derivatives via efficient, cost-effective and scalable methods. It is envisaged that preparation of polyfunctional 5,6-pyridine derivatives i.e. compound 2 would carry significant biological interests ( Figure  1 ). Towards our interest, readily available alkylidenemalononitriles 10-27 were selected as suitable candidates due to the reactive nature of the dicyanoolefin and the acidic nature of the methyl group. Both of these functionalities are very advantageous in promoting the dimerization reaction to prepare desired 5,6-dihydropyridine derivatives 28-46 (Scheme 1). Previously, Dunkel and Heb (1997) [7] reported the synthesis of different dicyano substituted dimers in the presence of DIMCARB (dimethylamine carbondioxide complex), whilst Abdelrazak et al. (2011) [8] carried out the dimerization of phenyl alkylidenemalononitrile in ethanol by using excessive amount of NaOEt to complete the reaction. However, we have developed a novel solvent-free method, where reaction is mediated by TBAF.3H2O (Tetrabutylammonium fluoride trihydrate) to produce highly functionalized compound 8. These conditions are eco-friendly, wider in scope and free of anhydrous environment. We have explored this method on a range of different substituted alkylidenemalononitriles 10-27 and synthesized different dihydropyridine derivatives 28-46. TBAF (Tetrabutylammonium fluoride) is commonly used as desylating agent in organic reactions [9] . However, in last few years chemists have explored many utilities of this reagent which involves nucleophilic substitution to synthesize organofluoro compounds [10] , cyclization reactions to produce different heterocyclic rings systems via 5-exo-dig cyclization or 6-endo-dig cyclization [11] [12] [13] , oxidation of aromatic aldehydes to benzoic acid [14] [3+2]-cycloaddition (click chemistry) [15] and [4+2]-cycloaddition [16] .
Scheme 1
Homoallyl coupling of aryl halides [17] , activation of epoxide ring opening with aryl sulfonamide to form morpholine derivatives [18] and N-arylation of benzazoles [19] are some other applications of TBAF in organic chemistry. Thus, we explored TBAF.3H2O as a base for the dimerization of alkylidenemalononitriles 10-27 under solvent-free conditions.
Experimental
All the acetophenone derivatives and other starting materials were used without purification unless otherwise stated. Infrared spectra were recorded on Shimadzu FTIR 8900 spectrometer and 1 H NMR spectra were obtained on Bruker 300 MHz and 400 MHz spectrometers. Coupling constant were calculated in Hertz (Hz). Mass spectra were obtained at JEOL MS Route 600 H spectrometer by using electron impact (EI+) techniques. HRMS was carried out at Thermo Finnigan MAT 95XP instrument. Single crystal X-ray diffraction data was collected on Bruker Smart APEX II, CCD 4-K area detector diffractometer. Data reductions were performed by using SAINT program and refined by full-matrix least squares on F 2 by using the SHELXTL-PC package [20] . The figures were plotted with the aid of ORTEP program [21] . The Merck silica gel 60 was used for column chromatography.
General procedure for the synthesis of polyfunctional 5,6-dihydropyridine derivatives (28-46)
In a typical reaction, an oven dried screw-capped vial having magnetic stirrer bar was charged with alkylidenemalononitrile (10-27) (1.0 equiv) and neat TBAF.3H2O (1.0 equiv). The reaction mixture was then heated at 85-90 °C with constant stirring for 15 h. The completion of the reaction was monitored by Thin layer chromatography (TLC) analysis. The reaction mixture was cooled to room temperature and diluted with dioxane (2-3 mL) and then 1.0 M HCl (100 mL) aqueous solution to remove excess TBAF. The resulting mixture was stirred for additional 5 min and then formed precipitate was filtered and washed with more 1.0 M HCl to give the pure compounds 28-46 in good to excellent yield (52 to 95%). The structure of these compounds 28-46 was confirmed by using different spectroscopic techniques including 1 H NMR, 13 [8] . X-ray crystallographic data : 
2-(3-Cyano-6-methyl-4,6-dip-tolyl-5,6-dihydropyridin-2(1H)-ylidene)malono-nitrile

2-(3-Cyano-4,6-bis(3-fluorophenyl)-6-methyl-5,6-dihydro pyridin-2(1H)-ylidene)malononitrile
2-(3-Cyano-4,6-bis(3-methoxyphenyl)-6-methyl-5,6-dihydro pyridin-2(1H)-ylidene)malononitrile
2-(3-Cyano-4,6-bis(3-nitrophenyl)-6-methyl-5,6-dihydro pyridin-2(1H)-ylidene)malononitrile
2-(3-Cyano-4,6-bis(6-methoxynaphthalen-2-yl)-6-methyl-5,6-dihydropyridin-2(1H)-ylidene)malononitriles
Results and discussion
Towards our proposed synthetic target, we required to prepare the alkylidenemalononitriles 10-27 via an appropriate method to test the TBAF mediated cyclization conditions to form dicyano substituted dihydropyridine derivatives 28-46 (Scheme 1). The desired precursors 10-27 for this purpose were prepared from commercially available substituted acetophenone derivatives via Knoevenagel condensation with malononitrile by following the procedure developed by Barnes et al. [2] in good to excellent yield (50 to 95%).
The successful preparation of alkylidenemalononitriles 10-27 were enabled us to explore their dimerization under solvent-free conditions for the preparation of dicyano substituted dihydropyridine derivatives 28-46. Initially, the phenyl alkylidenemalononitrile 10 was treated with neat TBAF.3H2O under solvent-free conditions to get the desire dimerized product 28 in low yield (20%) having molecular ion peak at m/z = 336. The next step involved, was the structure elucidation of this new compound. There are different possibilities in which the alkylidenemalononitrile could be dimerized to give different structures as shown in Scheme 1.
The 1 H NMR spectra of compound 28 showed four distinguished signals for four groups, a) singlet for methyl group at δH = 1.79, b) two doublets for two non-equivalent protons of methylene group at δH = 3.49, 3.15, c) multiplet for aromatic protons between 7.24-7.50, and d) broad singlet for NH group at δH = 6.58 ppm.
Interestingly, it has been observed that the value of NH group resonated between 6.00 to 9.50 ppm depends upon the solvent used to run the 1 H NMR spectrum. It shifted towards downfield region when 1 H NMR run in DMSO solvent and this was later confirmed by obtaining the 1 H NMR of 4-fluoro dimer 30 in both CDCl3 (δH = 6.41 ppm) and DMSO (δH = 9.72 ppm). The above mentioned data is pretty much comparable with the reported data of structure 5 [22, 23] and structure 8 [8] . Therefore, in order to solve the structural ambiguity, the compound was treated with NaOMe by using literature procedure to produce compound 6 by assuming the structure 5 of the new compound [24] . But the experiment proved to unsuccessful and we would not be able to obtain the desired compound 6. The reaction mixture became very sluggish and even no starting material was recovered. Thus, with all these results, the X-ray crystallographic technique became obligatory to establish the structure of this new dimer. For this purpose, the compound was crystallized with little effort in the mixture of Ethanol/H2O mixture and then X-ray crystallographic structure of compound 28 was then obtained which clearly showed the attachment of malononitrile group to the C-2 via double bond, cyano group at C-3 position, phenyl ring at C-4 position and quaternary center at C-6 position [8] (Figure 2) . The X-ray crystallographic structure of the 4-flouro 30 derivative was also obtained for further verification (Figure 2 ).
All the spectroscopic data includes 1 H NMR, 13 C NMR, IR and mass spectra showed complete agreement with the structure 28. After the confirmation of dimer structure 30, the reaction condition was optimized to increase the yield of the reaction product. Initially, the temperature reaction mixture was raised from 35 to 85 o C and proceeded the reaction for 14 h until TLC analysis showed no starting material. The reaction mixture was cooled and quenched with 2.0 N HCl to get the compound 28 in excellent yield (95%) as a single product. The isolated product 28 was found to be analytically pure > 95% by 1 H NMR spectroscopy without tedious silica gel column chromatography. The scope of the reaction was further explored to prepare a range of dihydropyridine derivatives 28-46 in good to excellent yield (52 to 98%) as shown in the Table  1 . The results presented in the Table 1 showed that in almost all cases we have only obtained dicyano substituted dihydropyridine derivatives 28-46 as single product in high yields. However, In the case of 4-iodo 18, 4-nitro 24 and 3-nitro 25 derivatives, an inseparable mixture of corresponding dihydropyridines and their other derivatives were obtained in 4/1 to 2/1 ratio, as judged by 1 H NMR spectroscopy ( Table 1) . The dimerization of 2-chloro 15 ylidene, 2-hydroxy ylidene 21 and 2-nitro ylidene 26 was unsuccessful which could be possibly due to the steric interaction of methylene group, generated in situ deprotonation by TBAF, with the hydroxy and nitro substituents present at 2-position of the phenyl ring.
A plausible mechanism of this dimerization has been outlined in Scheme 2. The carbanion 50, generated by the abstraction of proton from methyl group by TBAF which acts as base, rearrange itself to keteneimine 51 which then attacks to dicycano alkene 4 of another molecule to afford intermediate 52. The intermediate 52 then undergo rearrangement to afford compound 53, which on cyclization give final product 8 (Scheme 2) [7, 8] .
Conclusion
In summary, we have successfully developed a new broad spectrum, eco-friendly method of alkylidenemalononitriles 10-27 dimerization to form the dihydropyridine derivative 28-46 under solvent-free conditions. TBAF is found to be an efficient base for promoting the reaction to desire products. Further work on other kind of ylidenes e.g. PhCH(CN)2, further chemical transformations on above mentioned dimers 28-46 and their biological properties are under progress.
